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A Short History of Planetary 
Microphones 

•  First Planetary microphone on Huygens 
–  Successfully retrieved the descent sounds 

•  Second opportunity on Mars Polar Lander 
–  MM Development up to FM by Greg Delory (UC Berkeley) 
–  Support by the Planetary Society 
–  Failed landing of MPL 

•  Third opportunity with Phoenix : sound coupled with 
Mardi imager (Not used) 

•  Opportunity on NetLander 
–  Stereo – Implementation on PanCam. 
–  Development stopped with NetLander 

•  European Venus Explorer  
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55 km to be pressurized to a superpressure of 50 hPa. 
The flight at constant altitude, which takes place in the 
early night, will continue later in the Venusian day, with 
an increase in superpressure due to gas heating by the 
sun. A pressure relief valve could be used to vent gas 
and reduce the level of mechanical stresses in the 
envelope during daytime. 

The main characteristics of the balloon are : 
• Spherical balloon of 6,6 m diameter 

• Material density of 180 g/m2 

• Superpressure level of 50 hPa 

 

 
Figure 23: Aerostat release sequence 

 
Table 12 : Mass budgets of aerostat 

Aerostat mass balance 
Envelope & equipment  25 kg 
Flight train   2 kg 
Gondola   116 kg 
Total Solid Masses  143 kg  

 
The total floating mass of aerostat, including 16 kg of helium, 
is 159 kg. 
 
Mass balance of Descent Module (not including entry 
system) 

Aerostat (w/o helium)      143 kg 
Balloon container  3 kg   
Inflation sub-system  141 kg 
Gas (helium)   16 kg 
Total Mass              303 kg 

5.2.4 Gondola 

 
a. Functions 

The gondola accommodates all the scientific 
instruments, and is responsible for providing them with 
electrical energy, data management and transmission to 
the Earth, and for keeping them into a suitable thermal 
and mechanical environment. 

 
b. Mechanical and thermal architecture  

The gondola structure is based on an octagonal tube 
made of carbon and covered with a protection layer to 
withstand the Venus aggressive environment. The 

advantage of this architecture in continuity with the 
cylindrical central tube of the carrier is that it will easily 
interface the carrier and the entry vehicle back shell and 
is perfectly adapted to support the huge deceleration 
during the Venus entry phase as it will directly lean on 
the entry vehicle front shield. The gas tank and the 
balloon container, which are located inside the octagonal 
tube, are linked together and fixed to the gondola by 4 
pyro-bolts, but this assembly presses directly on the front 
shield during the entry phase. 

The scientific instruments are accommodated on the 
external faces of the tube and have a direct access to 
Venus environment: the air can easily flow around the 
gondola, which favours the measurements. The outer 
faces of the tube provide enough space to accommodate 
the solar cells and the antennas for the communication 
with Earth. The inner faces are used to house small 
equipments and electronics which do not need to have 
visibility on the environment such as non-rechargeable 
batteries or scientific payload electronics. 

Finally, the gondola is provided with a set of pyros 
that will enable the jettisoning of the back shell, then the 
front shield and finally the gas tank with the balloon 
container during the descent phase. 
 

 
Figure 24: Gondola within the entry probe 

 

 
Figure 25: Global view of the gondola 

 
c. Mass budget 

 

Table 13 : Gondola mass budget 

TOTAL GONDOLA 116,0 kg
Scientific payload 15,6 kg

Radiocoms 11,1 kg

Localisation 1,1 kg

Avionics 1,4 kg

Power supply 38,3 kg

Separation pyros (16x) 8,6 kg

Harness 9,1 kg

Structure 28,8 kg

Protection layer 2,0 kg  



Can you hear something on Mars ? 

•  Sound	  behaviour	  at	  the	  MarMan	  surface	  is	  surface	  is	  expected	  to	  
be	   very	   similar	   to	   the	   Earth	   stratosphere,	   with	   an	   average	  
atmospheric	   pressure	   between	   6	   and	   8	   mbar	   and	   a	   mean	  
temperature	  about	  240	  K	  	  	  

Adapted from Petculescu  
& Lueptow (2007) 
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Sounds on Mars ? 

•  Sound	  behaviour	  at	  the	  MarMan	  surface	  is	  surface	  is	  expected	  
to	  be	  very	  similar	  to	  the	  Earth	  stratosphere,	  with	  an	  average	  
atmospheric	  pressure	  between	  6	  and	  8	  mbar	  and	  a	  mean	  
temperature	  about	  240	  K	  	  	  

Attenuation of 
sound on Mars 
and Earth for 
spherically 
spreading sound 
wave. 
 Infrasounds 
propagate well on 
both Mars and 
Earth 
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Sounds that can be recorded 

•  Sounds	  likely	  to	  be	  heard	  on	  Mars	  
–  Aeolian	  tones	  (Curle,	  N.,	  1955)	  

–  Intensity	  of	  the	  sound	  

–  CalibraMon	  in	  a	  MarMan	  wind	  tunnel	  proposed	  to	  secure	  amplificaMon	  
loop.	  

faeolian = 0.2 UWind

DLander

   [E1]

I(r) = !0
U 6D2

c3r2    [E2]

Wind speed 

Lander Diameter 

Distance to the source Sound 
 speed 

Atmosphere density 
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Sounds that can be recorded 

•  SaltaMon	  Noise	  :	  counMng	  of	  parMcle	  impacts	  :	  constraints	  on	  
dust	  flux	  

Wind 
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Sounds that can be recorded 

•  SaltaMon	  Noise	  :	  counMng	  of	  parMcle	  impacts	  :	  constraints	  on	  
dust	  flux	  

Wind 

Berthelier, 2000 
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Sounds that could be recorded 

•  Signals	  likely	  to	  be	  recorded:	  wind	  vortex	  associated	  noises	  

Sounds spectrogram of a terrestrial dust 
devil obtained with a pair of stereo binaural 
microphones during field tests. 

 Main frequency of a wind vortex as a 
function of its size  

Delory, 2010 
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Sounds that could be recorded 

plausible explanation for the spectral peaks observed in the
kurtosis spectrum, as discussed below.

5. Modulation of the Non-thermal Radiation

[14] Table 1 and Figure 3 show that the observed non-
thermal radiation is modulated by processes with frequen-
cies f1 = 9.6 Hz, f2 = 27.8 Hz and f3 = 31.7 Hz. These
frequencies are within the range predicted for the three
lowest resonant modes of the spherical cavity formed by the
Martian surface and its ionosphere [Schumann, 1952]. The
frequency of these fundamental modes of the Mars Schu-
mann Resonance (SR) depends on a number of physical
parameters, such as the height and conductivity profile of
the Martian atmosphere, ionosphere and surface. Their
frequencies are predicted to be f1 = 7–14 Hz, f2 = 13–26
Hz and f3 = 19–38 Hz [Yang et al., 2006]. Two of the three
fundamental frequencies of the spectrum of the kurtosis that
we measured are within this range of values, with f2 being
slightly outside the predicted range. What is puzzling is that
the Martian SR appears to modulate the non-thermal radi-
ation emitted by large-scale electric discharges. This is an
unexpected result not observed before. We speculate on the
reasons for this modulation next.

[15] We hypothesize that perturbations of electric fields
by the first three fundamental modes of the SR trigger the
large-scale electric discharge that produces the non-thermal
microwave radiation. These electric discharges in turn
excite SR that triggers new electric discharges as suggested
by Ondrášková et al. [2008]. This is analogous to the
triggering of terrestrial lightning by perturbations from
nearby discharges [Yair et al., 2006; Strogatz, 2000] and
the coherent excitation of SR by separate lightning dis-
charges in a single thunderstorm [Ondrášková et al., 2008].
In order to quantify this hypothesis, we estimate the
amplitude of the electric field of SR excited by electric
discharges in the dust storm shown in Figure 1. Wait [1996]
shows that the amplitude of the vertical component of the
electric field produced by SR forced by incoherent dis-
charges in an idealized spherical cavity is

ESR
z / M

4a2ewhDt
; ð1Þ

where M is the root mean square of the change in the
vertical charge dipole moment in the time interval Dt, a is
the planet radius, e is the electric permittivity of air, w is the
SR oscillation frequency, and h is the height of the

Figure 3. Time series of power spectrum of kurtosis for data collected over 10 minutes on 8 June 2006 beginning at 21:58
UTC while dust storm was visible from the DSS-13 site. Spectrum is computed every 1 s from ±5 s of data from sub band 4
at 8480 MHz, resulting in 0.1 Hz spectral resolution. Color bar is linearly proportional to power spectral density.

Table 1. Harmonic Components of Kurtosis of the Data Collected During the 8 June 2006 Dust Storm in Sub Band 4 at 8480 MHza

Frequency (Hz) Magnitude (Normalized) Frequency (Hz) Magnitude (Normalized) Frequency (Hz) Magnitude (Normalized)

Fundamental 9.6 1.00 27.8 1.00 31.7 1.00
2nd 19.2 0.91 55.7 0.33 63.4 note 1
3rd 28.8 note 1 83.5 0.22 95.1 2.90
4th 38.4 0.41 note 2 note 2
5th 48 note 1 note 2 note 2
6th 57.6 note 1 note 2 note 2
7th 67.2 0.83 note 2 note 2

aMagnitudes are relative to the fundamental frequency for that particular harmonic. Note 1 indicates these harmonics were not unambiguously present in
the spectrum. Note 2 indicates these harmonics are above the range of observable frequencies.

L13202 RUF ET AL.: MARS NON-THERMAL MICROWAVE RADIATION L13202

4 of 6

Emission of non-thermal microwave 
radiation by a Martian dust storm (Ruf 
C. et al (2009) )  

Simulation of impact electrification in 
a ‘dust devil’ (Melnik and Parrot, 
1998  Zhai et al., 2006, Farrell et al., 
2003 & 2006) 

IPPW-‐8	  Portsmouth	   MM2016	  Team	   	  June	  2011	  	  -‐	  	  9	  



Sounds that could be recorded 

SimulaMon	  of	  bolide	  entry	  acousMc	  counterpart	  in	  the	  MarMan	  atmosphere	  
[Williams,	  J.P,	  2010]	  and	  typical	  distribuMons	  of	  the	  largest	  impacts	  as	  a	  
funcMon	  of	  distance	  during	  4	  weeks	  (to	  take	  into	  account	  the	  staMsMcal	  
dispersion),	  following	  realisMc	  staMsMcal	  modelling.	  The	  amount	  of	  impacts	  
during	  one	  week	  is	  one	  fourth	  and	  typically	  4-‐6	  at	  less	  than	  1000kg	  will	  have	  
energies	  equivalent	  to	  several	  tens	  to	  a	  few	  100	  kg	  of	  TNT	  

f =1 Hz range very limited (audible sounds propagate only meters)
f =0.1 Hz sounds reach surface even for weak cometary material (airbust 40 km)
Iron meteors impact surface
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•  Science floor 
–  Involvement of student teams 
–  First sounds recorded on Mars  

•  “Full Science” 
–  If stereo implementation 

•  Contribution to dust devil science (retrieving of devil direction) 
•  Complementary instrument to atmospheric science 

–  Dust Storm 
•  Recording of thunder ? 

–  Evaluation of particle impacts on EDL (depends on 
accommodation) 

(JPL) 

Mars Microphone Objectives 
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Science Matrix 

 
MARS MICROPHONE 2016 Date: 24 02 2011 

Page: 16/97 ExoMars EDM Science AO 
 

3 Scientific Objectives of the Proposal   

3.1 Scientific Goals to the Mission  
The 2016 Mars Microphone is an experiment that fills a longstanding gap in the scientific 
exploration of Mars by performing, for the first time, an acoustic recording of the direct envi-
ronment of a lander. While the atmosphere on the surface of Mars is indeed very thin, 
amounting to less than 1% of the pressure on Earth, laboratory experiments and theoretical 
calculations show that it is possible that sounds on Mars could be detected by standard mi-
crophone technology. In addition to this world premiere (who knows what we will be hear-
ing?) the Mars microphone may also be able to provide constraints on aeolian processes in 
the vicinity of the lander (vortex, dust lifting, dust devils). It may be also able to retrieve any 
electrical or meteoritic related noise, if any. We propose therefore the 2016 Mars Microphone 
objectives as following: 
 
• To retrieve sounds from Mars 
• Contribute to basic atmospheric investigation by analysis of the acoustic environment. 
• To constraint wind vortex or dust devils properties  
 
Given the short life duration of the payload, the following secondary objectives will strongly 
depend on favorable circumstances. The microphone may be able to: 
 
• Retrieve Martian atmosphere electrical activity related sounds  
• Retrieve the sound of metoroid entry 

 
In addition (but this is for the moment excluded from the operational scenario) the 2016 Mars 
microphone could help monitor the acoustic environment during the EDM Entry, descent and 
landing. The following science table makes a synthesis of the proposed objectives. 

 
 

Science Objectives   
(Top-Level) 

Primary Scientific   
Measurement             
Requirements 

Instrument Function-
al  Requirements 

Mission Functional      
Requirements 

Obj. #1: Retrieve 
sounds from Mars 

Acoustic Environment  
[20-20000] Hz 

Sound recording 
Compression  

Microphone recording op-
eration during 1 to 4 min 

TBC 
Obj. #2: Dust Properties  High Frequency dust im-

pacts on EDL monitoring 
[20-20000] Hz 

Sound recording 
Compression  

Microphone recording op-
eration during 1 to 4 min 

TBC 
Obj. #3: Wind vortex 

and Dust devils proper-
ties 

Vortex Wind Spectrum 
[20-20000] Hz 

Differential acoustic am-
plitude and phase 

Stereo Sound recording 
Compression  

Microphone recording op-
eration during 1 to 4 min 

TBC Widest possible MIC 
location accommodation  

Obj. #4: Electrical Ac-
tivity, Meteoritic im-

pacts 

Sound measurement 
[20-20000] Hz 

Sound Spectrum 

Sound recording 
Compression Record-

ing triggered by thresh-
old event 

Microphone operation dur-
ing 2 min TBC 

after a triggered event 

Obj. #5: Transient and 
other EDL noises 

Sound measurement 
[20-20000] Hz 

Sound recording 
Compression 

 

Microphone on during En-
try, Descent and Landing 

Table 1 : Science Traceability Matrix 
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Investigation concept 

Low power 
Integrated 

chip

CHANNEL 1
MICROPHONE
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Serial to SPL
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Product Features

• Electret Condenser Microphone
• Lowest Noise Emkay Microphone
• Rugged Construction to Withstand
     Severe Environmental Conditions
• High Electroacoustic Sensitivity
• High Resistance to Mechanical Shock
• Low Vibration Sensitivity
• Various Responses Available
•  Available with RFI Supression

EK omnidirectional microphones provide a unique  
combination of size, performance and value.  
These popular microphones are available in many
model varieties without the expense or lead
time of a custom order.  Available in unidirectional as 
well - see the EL Series.

EK Series Microphones

S P E C I A L T Y  T R A N S D U C E R S         C U S T O M  A S S E M B L I E S          M I C R O P H O N E S         A C O U S T I C  T E C H N O L O G Y     

•  Proposed	  design	  mainly	  based	  on	  COTS	  
–  Heritage	  from	  previous	  versions	  of	  Mars	  Microphone	  

–  Sound	  recording	  chip	  with	  two	  channels	  and	  built-‐in	  compression	  
–  Qualified	  COTS	  for	  microphone	  element	  

–  50g,	  150	  mW	  peak	  power.	  

–  Backup	  TRL	  9	  (previous	  H/W)	  

!

COTS microphone  
sensor 

Development 
board 
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Observing profiles 

Microphone NOMINAL SCENARIO EXTENDED MISSION PROPOSAL
Power (W)

ACQUISITION ON
15 min 15 min TGO PASS #1 ACOUSTIC

EVENTS TGO PASS 2
150 mW

150 mW

15 mW 15 mW

SOL 1 SOL 2 SOL 4 SOL 4 SOL8
Data
in CEU (kBits)

TGO PASS #1
Data replaced TGO PASS#2
if required

SOL 1 SOL 2 SOL 4 SOL 4 SOL8
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300 mW.h during 4 days         - 2700mW.h  for the extended mission 
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SPL Proposed Accommodation 
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Institution  Name Funding 
Hardware providing institutions  Institut Supérieur de 

l’Aéronautique et de l’Espace 
Manpower 

 Space Science Laboratory of 
Berkeley 

Manpower 

Funding partners  CNES 
 

Hardware 

 The Planetary Society 
 

Microphone Sensor 

Co-I Institutions Co-I institutes Manpower associated to science 
contributions 

Student Project Partners Institut Supérieur de 
l’Aéronautique et de l’Espace 
Campus Spatial Paris Diderot 
University of Padova 
University of Aachen 
Ecole Polytechnique de Louvain 

Manpower and ground testing 
facilities 

Outreach partners The Planetary Society 
Europlanet 

 

 



Student Involvement 

Activity Level of student involvement Comment 
Design Contribution Witness 

E-box mechanical design X   Simple mechanical box 
Environment test  X  Contribution to test setup 

and reports  
Ground calibration  X  Analysis of acoustic 

environment in Martian 
chamber 

Operations   X Twitter, blog  
Science Operations  X  Duplication of real data 

analysis 
Data analysis  X  Duplication of data analysis 
Outreach X   Younger kids mentoring 
 

•  ConsorMum	  led	  by	  ISAE,	  with	  UC	  Berkeley	  and	  The	  Planetary	  
Society	  	  
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Selection Outcome 

The Mars Microphone sensor was 
considered a low-risk development, but was 
judged by the Science panel to lack 
sufficient scientific justification 
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A way forward ? 
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Stay Tuned ! 


